It has been reported that ketenimines reacted with various kinds of reactants and became starting materials of various compounds.
It has been reported that ketenimines reacted with various kinds of reactants and became starting materials of various compounds. 1) Among them, the most attractive reactions were cycloaddition for the synthesis of heterocyclic rings. Intermolecular and intramolecular [4ϩ2] or [2ϩ2] cycloadditions of ketenimines were reported, and ketenimines can play the role of either the 2-or 4-atom component on cycloaddition.
2) When multiple-bond compounds that have electron-donating substituents were treated with N-aryl-substituted ketenimines, the [4ϩ2] cycloaddition occurred at the CϭC-NϭC moieties of the ketenimines as aza-dienes. For example, 4-aminoquinoline derivatives were synthesized in the reaction of triphenylketenimine with N,N-disubstituted aminoacetylenes. 3) We also reported the cycloaddition of N-aryl-substituted ketenimines with enol ethers under high pressure to form quinoline derivatives in a previous paper. 4) Therefore it was expected that the cycloaddition of ketenimines would occur with N,N-disubstituted cyanamides because the cyanamides are regarded as electron-rich triplebond compounds. However, to our knowledge there has been no report on the cycloaddition of ketenimines with the CN triple bond. In this paper, we describe the cycloaddition of N-aryl-substituted ketenimines with N,N-disubstituted cyanamides under high pressure.
When N-(p-tolyl)diphenylketenimine (2) was heated with N,N-dimethylcyanamide (4) in toluene under reflux, no cyclized product was obtained and 2 was recovered. Therefore the reaction of 2 with N,N-disubstituted cyanamides 4-9 was carried out under high-pressure conditions as reported for the reactions with enol ethers.
4) The ketenimine 2 was dissolved in pyrrolidine-1-carbonitrile (7) and the mixture was compressed under 800 MPa at 100°C. The resulting crude product was purified with chromatography on silica gel to give 2-diphenylmethyl-6-methyl-4-pyrrolidinoquinazoline (10f) in 60% yield. The structure of 10f was confirmed by comparison with spectral data of the compound prepared by cyclodesulfurization of 2,2-diphenyl-N-p-tolylthioacetamide with silver perchlorate in 7, 5) followed by neutralization with base. The same high-pressure reactions of ketenimines 1-3 with N,N-disubstituted cyanamides 4-9 were carried out, and quinazoline derivatives (10) were obtained in the yields shown in Table 1 . However, nitrile compounds such as acetonitrile or benzonitrile did not react with ketenimines under these reaction conditions.
The mechanism of quinazoline ring formation is explained by the occurrence of a [4ϩ2] cycloaddition between the CϭC-NϭC moieties of N-arylketenimines and the cyano groups of cyanamides, followed by aromatization to the quinazoline rings (Chart 1). This reaction mechanism is similar to the cycloaddition of ketenimines with ynamines 3) or enol ethers. 4) It was reported that quinazoline compounds are found in natural products or used in medicines. 6) 4-Aminoquinazoline derivatives have various bioactivities such as an antimalarial effect. 7) Although quinazoline synthesis was performed by cyclization of the ketenimines 1-3 with N,N-disubstituted cyanamides 4-9 as described above, the substituents on the C-4 carbon of quinazolines (10) were restricted to N,Ndisubstituted amino groups. To prepare 4-(N-unsubstituted amino)quinazolines by the cycloaddition of ketenimines with cyanamides, an N-unsubstituted cyanamide was used as a starting material. However, the cyanamides that had hydrogen atoms on the amino groups tautomerized to carbodiimides. Moreover, ketenimines reacted with free amino groups to afford amidine derivatives. 1) For these reasons, 4-(unsubstituted amino)quinazoline derivatives were not directly synthesized. Therefore the reactions of dimethyl Ncyanodithioiminocarbonate (11), which is regarded as an N-protected cyanamide, with ketenimines were investigated. A mixture of 1 and 11 was dissolved in toluene and the solution was compressed at 800 MPa. After the reaction, 4-[Nbis(methylthio)methylideneamino]quinazoline (12) was isolated in 55% yield from the reaction mixture. When hydrolysis of the (MeS) 2 CϭN-moiety of 12 was carried out with aqueous potassium hydroxide in methanol, the product showed disappearance of a methylthio group peak in the 1 H-NMR spectra and appearance of N-H absorption in the IR spectra. The CϭN double bond of the (MeS) 2 Cϭ N-moiety in 12 was hydrolyzed and 4-amino-2-diphenylmethylquinazoline (14) was obtained in 53% yield. Although the hydrolysis of 12 also occurred under acidic conditions, the methanolysis product 2-diphenylmethyl-4-methoxyquinazoline (15) was formed in 47% yield as a main product as well as 14 in 40% yield (Chart 2).
In conclusion, 4-(N,N-disubstituted amino)-2-substituted quinazoline derivatives were synthesized by the [4ϩ2] cycloaddition of N-aryl-substituted ketenimines with N,N-disubstituted cyanamides under high pressure. A 4-aminoquinazoline derivative was synthesized by hydrolysis of a 4-[Nbis(methylthio)methylideneamino]quinazoline, which was prepared by the reaction of ketenimines with dimethyl Ncyanodithioiminocarbonate.
Experimental
Melting points were determined on a Mettler FP90 microscopic plate and are uncorrected.
1 H-NMR spectra were obtained with a Varian Gemini 300BB spectrometer, and chemical shifts are reported in parts per million relative to internal tetramethylsilane.
13 C-NMR spectra were obtained with JEOL LA-500 spectrometer, and chemical shifts are reported in parts per million relative to internal CDCl 3 (77 ppm). IR spectra were recorded on a JASCO FTIR-5300 spectrophotometer. The apparatus used for the highpressure reaction was the same as that described previously.
8) Ketenimines 1-3 were prepared by the method described in a previous paper. 24.8 (t), 26.0 (t), 50.9 (t), 60.6 (d), 114.9 (s), 123.9 (d), 126.2 (d), 127.9  (d), 128.1 (d), 129.4 (d), 134.0 (d), 134.4 (s), 143.0 (s), 150.6 (s), 164.6 (s Hydrolysis of 12 The quinazoline (12, 50 mg, 0.12 mmol) was dissolved in methanol (10 ml) and aqueous potassium hydroxide (0.4 M, 5 ml) was added to the solution. The mixture was stirred at 80°C for 2 h. Water was added to the reaction mixture and products were extracted with dichloromethane. The organic layer was dried with magnesium sulfate, and the solvent was evaporated. The residue was recrystallized from a benzene-hexane mixture. 14 was obtained in 53% yield. The quinazoline (12, 100 mg, 0.24 mmol) and p-toluenesulfonic acid monohydrate (200 mg, 1.02 mmol) were dissolved in methanol (20 ml). The mixture was stirred at reflux for 3 h. Water was added to the reaction mixture and products were extracted with dichloromethane. The organic layer was dried with magnesium sulfate, and the solvent was evaporated. The resulting mixture was chromatographed on silica gel with dichloromethane : acetone : methanol (100 : 5 : 1) mixture as eluent. 14 and 15 were isolated in 40% and 47% yield, respectively.
2-Diphenylmethyl-4-methoxyquinazoline (15): mp 93-95°C (hexane). 
